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(57) Abstract 

Linear ethylene interpolymcr blends are disclosed. 
The blends are made from components having a narrow 
molecular weight distribution (e.g. M^/Mp < 3) and a 
narrow composition distribution (e.g. CDBI > 50 ^o). 
The blend components in a blend can all have the same 
molecular weight but different comonomer contents, the 
same comonomer comcni but different molecular 
weights, or comonomer contents which increase with mo- 
lecular weight. The blends have either M^/M„ > 3 or 
CDBI < 50 %, or both, and can be multimodal with re- 
spect to cither or both molecular weight and -'or compn- 
omer content. The blends are generally free of blend 
components having both a higher average molecular 
weight and a lower average comonomer content than an- 
other blend component. The blends can have improved 
mechanical, physical and/or chemical properties. 
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like;?. ETHYLEKE ir:TER?OLYMER BLEICS OF INTERPOLYi-iEES HAVING 
NARROW MOLECULA? WEIGHT AND COHPCSITIOM DISTHIEl'TIONS ' 



SPECIFICATIQW 

Field of the Invention 

The present invention relates to polyoer felends of 
crystalline interpolyners. such as LLDPE, and aore 
particularly to blends of such interpolyaers wherein each 
blend component has a narrow molecular weight distribution 
and a narrow composition distribution selected to obtain 
superior properties in the blend. 

Background o f the Invents on 

Various types of polyethylene are known in the art 
Low density polyethylene ("LDPE") is generally prepared at 
high pressure using free radical initiators and typically 
has a density in the range of 0.915-0.940 g/ca^ . ^Dpg 
also known as "branched" . polyethylene because of the 
relatively large nuaber of long chain branches extending 
15 from the main polymer backbone. 

High density polyethylene ("HDPE") usually has a 
density in the range of greater than 0.940 to 0.960 g/an» 
HDPE is prepared using a coordination catalyst, e g 
Ziegler-Natta type catalysts, at low or .oderat^ ' 
20 pressures, but sometime, at high pressure. bdpb is 
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9en«.lly li„„r without .„y substanti.l .id. chain 
br.„chx„,. mp, i. , .„hst.„ti.ny crysflUn. poly.r 
Linear, low density polyethylene ("tLDPE") i. ' 
generally prepared in the s«,. .anner as HDtE. but 
5 incorporate. . relatively „i„or ..ount of .„ 

co»ono.er .uch a. butene. hexen. or cctene to introduce 
.nough Short chain branches Into the otherwise linear 

10 c.t!lv t °' °' '^'^^ «-«natlor 

10 catalysts used to int.rpoly„erl« ethylene and the 

.-olefin generally produce an LLDPE with a relatively 
broad weight molecular weight distribution, i a 
greater than about 3. such LU,P..s also hive relatlvCTy 
b™. conposUion ..strib..,on in that the proportion o'o-oiefin 
15 co„ono.er .olecules incorporated into the polymer 

«o ecules varies. Generally, the lower „ol.cul.r weight 
poly»er .Olecules contain a relatively higher propo^Uon 
Of the .-ol.frn co^ononer than the higher .nolecular weight 
polymer molecules. "eight 

" A polyethylene such as LLDPE having a broad molecular 

weight distribution is undesirable in many respects 
depending on the desired end use application. J' 

:eiv?V":"° ^^^^ "-^-i"^ 

relatively high molecular weight molecules are subject to 

"isotropic properties 
".achine versus transverse direction of a fabrication 

i::::"oieri"° ""-"^ly 

s nvarir -l-l.s, in which the comonomer 

30 ^ c lies L""?"""' *° "0 

molecules interfere with the proper function of certain 

Of e«r.ctable polymer, and increase fouling in the 
polymerisation plant. The relatively high .-olefin 

.Olecules cause, .uch polymer molecules to be generally 
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amorphous and to exude to the surface «f ^ k • 

ten. TL::VZT:1T ^^^^ axso" 

lave a very broad, nonuniform distribution «r 
5 comonomer content i e •, ■^^•triDutaon of 

untent. I.e. some polymer molecules 

molecules of lo,., ^ generally, the polymer 

amorphous ^„d ..alt at a lower te-peratur. 
of a higher melting exponent LLT ^ """"" 
applications for , disadvantageous in many 

ppiications, for example where softness or claritv ,/ 
aes rea. On the other hand, the presence of a ^ 
nelting component frequently results in a h,„K 
extractables, which limit food contact aoo^ .'"" ^'^ °' 

prior art hlends of polyethylene" des 
one or more of the properties o^ the Menrr^lat '"^^ 
Mend nts or prior art polye^lenr halraUo^^ 

.nc": att: a MTV" "^"""^-^ 

T^mg a blend component with a high aver;,«^ 
comonomer content to average 
results in an in -^ystallizability generally 

aff..r 1 " °' extractables and adversely 

^.rLr^r-i'rtet - - 

cn the full advantages of blending may be reali.^n 
summary of ^he Inv^ni-.-^» ^ ^ realized. 

The present invention provides a ki» ^ ^ 

Interpolymer components with na ' „w , 

. . ^ WC111.S wirn narrow molecular weioh+- 

composition distributions selected to oh^. • 
-lecular weight and compositron d trtu^^^L^^^ 
resulting blend to impart superior properties TereT 

component has a v«„ value less than or equaf t„ 3 and a 
composxtion distribution breadth index Tas later 
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fre. of blend components h.vin, both . higher' .v.r.ae 

molecular weight and a lower aver.™ 

th.„ fK.» , «verage comonomer content 

Mend polyethylene component in the 

blend Th e components f or the blend be selected so 

to^molecular we.ght distribution, comonomer cont^at. or 

In another aspect, the components for the blend are 
^-''■^-^^-^ "-^-^ ^arrow molellar 
ZI T, T -distributions mentioned above and 

the blend components are selected from one of the groups 
cons.stxng of: ni_Mm^r_^,>,^,,„,.^^^,^^^^ ~ 
components having substantially the same average molecular 
w«ght_but, a iff e r, n^raae-C»m«no^ontents n 
Unear ethylene interpolymer blendl^„.„t, havina 
substantially the same average comonome'r con ent b", 
different average molecular weights; and ,3, unear 
ethylene interpolymer blend components having different 
^verag. molecular weights and comonomer contents in ^ch 
the blend components, taken serially i„ ..^jer of 
increasing average molecular weight, have an increasino 
comonomer content. increasing 

In still another aspect, the linear ethylene 

ZlZ'Tr "^^^ """" 

fir , ■ distribution mentioned above, and 

illTL-T ■^^'''"^ i-«n=olymer blend components 

weight 1. ' " ^-"'^ 

weight, then each succeeding component has substantially 

the same or . higher average comonomer content than each 
preceding component in said series. 

In^other aspect, the invention provides a linear 
ethylene interpolymer hj^ng plural modality with respect 
to_comonomer_ conten^,, a nar_iaw_molecular weioht 

impos i tion distributionjbrea dth ind ex less than 50% 
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In still another asoeri- i-k 
linear ethylene inteLT \ ^"vention provides a 
"yiene interpolyroer having olurai -. -^ 

or equal to 50%. greater than 

In still another aspect tho ,• 
linear ethylene int.^ 7 invention provides a 

v-Hy^ene anterpolymer of olurai , . 

respect to both co.ono^er content and 7 "'"^ 
10 comprising a pluralitv r^A °'°lecular weight, 

a a Plurality of components haviT,^ 

"Olecular weight distribution such that 77 
faction ana aach component ta.en Zri^^^- ' ' 
increasing average .olecular weioht " """^ 

•verage comonomer content. ' increasing 

prcvi::a\";i"„rx " i= 

-dality With resp^t to h'r^"'""" 
"Olecular weight wMch co """"""^ 
having a co»p!sitron iT k"" ' "'"""'^ 

- -rein"r::p::;:rre:r-n/"" °^ - 

increasing co^ono^er content, have a""ncr 

molecular weight. increasing average 

components havina nA,-r-«.. , oiefm) blend 

distributions. composition 

distrL'tion ilrhroVr "-^'^"^^^ -^'ht 

30 t^ical prior art L^PE distribution o. a 

3S -position ^tXttn'r T" "^'""^ ^^"ribution 

tne invention in which the 
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blcM components have ahout the same .olecular weight but 
differing comononer contents. 

and e""' ' «>' molecular weight distribution 

and co„positio„ distribution of an exe^Ury LLDPE blend 
■ .ccorom, to another en^odi«„t of the invention in vMch 
th Mend components have ahout the same comonomer content 
but differing molecular weights. 

and d''' molecular weight distribution 

and composition distribution of an exemplary LLDPE blend 
acco d ^^^^^^^^^ 'invention Tn 

Which the conomoner contents of the blend components 
increases as the molecular weight increases. 

Description of tho P^.f. rred EmhoHi 

The linear ethylene interpolymer blend components in 
the present invention are higher interpolymers of a mljor 
proportion of ethylene and a minor proportion of 
comonomer. The ethylene is generally polymerized in a 

monomers wi^ :3„":Vypnan:V/o 

or 5-10 "^yP^^lly 3-30. and often 20-30. 10-20 

or 10, mole percent comonomer. Contemplated blend 
components generally include elastomer blend compone's in 
the density range of about 0.85-o.goo g/cm^ very low 
d nsity polyethylene blend ' components in the density rl,e 
Of about 0.900-0.915 ,/cm3. and linear, low deJity 
polyethylene blend components in the density range If 
about 0.915-0.940 ,/cm3. Ethylene Interpolymers having a 
0 a""' "-"^"^ polyethylene range . above Tout 

emir !. contemplated as being suitably 

employed in the invention. 

Suitable comonomers interpolymerized with the 
ethylene to obtain the ethylene interpolymer blend 
components herein generally include monomers which may be 

distribution and comonomer distribution desired in thi 
blend component. A preferred class of comonomers are the 
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a-olefins having 3 to alout 12 c>rho„ . 

propylene, ^-^f °" '-h « 

3-n..U,yl.a-pe„te„e, 4..eU>yX-A;e„'tene 
1-decene, l-dodeca„e and the like o«. 
5 comonomers include vinyl cvcloh. "itable 
cyclohexene, and ot^er ZT """"^ne, vinyl 

1 « >. . ^. cononomers such 

1.3-butadie„e. 1,4-hexadiene. 4-»ethyl-l 4T 

5-.ethyl-l,4-hexadiene. 1.5-he,adiene Ind i"'""'' 

"oiecuiarZh" :/~.rr"- 

-y range Uc. one thousand To ont Lm 

depending cn the particular end use pre.. K," 

and especially 2 x 10< - 5 x ""'"•^^l' "«-10«, 

ter^s ..average molecular werghf and 

refer to weight average molecular welghr ^ ' 

indicated. The linear polyethylene hi . 

preferably have a narrow .oleXr^"™^""--'"^ 

f^)- By ..narrow ««t Lat 1 '^"'-i'>""» 

-eight average molecular weight ,„Ttcl° ""° °' 

"Olecular weight ,„ , is 1'" l^ ""'S' 

Particularly preferr^ Z^lZ" '° ^•O- 

components having a very narrl ^^^V;'^;";^'?' "^""^ 

or egual to 2.5, and especially less tL'I' " 

Molecular weight distributions of etht, 

•re readily determined by techn/jeTto™ Tn'T 

2 u ™- c-^o-otrapt ■ 

- • ^::=rt^utr ^, -^^^^^^^^^ ■ 

co.pos.tion distribution breadth index i^L 

S0%. The CDBI is defined as the wel'htT '^^^^ 

copolymer molecules haWna . Percent of the 

percent of the »edlan llt!l 7"""" ^^^^^ ^0 

CDBI of T ^ ""^^^^ cofflonome : content Th« 

CDBI of linear polyethylene vhin>. ^ °ntent. The 

comonomer, is definL / k """^ ""^ '^^'^^^i^ « 

'^i, io aefmed to be 100%. The mm 

IS readily calculated from data oJt.T±nTl " ^^P^li-'-r 
^own in the art, such as, ftr example ! ^^<^^i<^^s 

ror example, temperature rising 
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elution fractionation as descrih^H r 
Patent Application Serial Ko 5 
^ Pol^ SHi. Pol^ P^td vol 20" " 
-less ot^ervise indi;^^;.-;:" such Ts 
content", "average co„onon.er content- and L T^"^"'^^ 
to the bulk co»ono«er content Tf T 
interpolyner blend bl.«^ indicated 

K y er olend, blend component or fract-i^r, 
basas. * iractxon on a molar 

A graphical illustration 
na.ro- CO Men. c^ponen? 11^,7X1 """" 

"eight, the X-axis is tt.. •, "oaecular 

-axis .ep„se„ts 4e tcr^re^ht^- 
molecules. As can h« *'eight proportion of 

"ena ~re:rr;nr:.r/a:rut'^ r 

Pealc. in rig. 3. tte .L^n " ■ ^ '"'^ 

-.ease as the ^o.c^;^ - 

the^r^^rorthr:,:::"" °- - — 

^execti^n^ ^^ 

«y Diending linear polvethvior^^ / 
ai.out the sa»e average molecular weiaht H ' ""'W 

Average co„o„o„er contents. Such a tund ^'f ''""4 
as line B in rig. another e^^od l 't t^ """"''^ 

contents of the linear polyethylenT h, . """"""■er 
the sa»e, but molecular Li^t. co-Ponents are 

ty line c in ^ °" " "l"=trated 

mustratea hy lines o. ^" a:;"^ 171" TtT""" 
components taken seriaii, • " 'i9- 1, the blend 

-eight, or in or.e: "^"Lre" 
have the same or LoL " 

weight, respectively « -l-»lar 

subst^tiX'^Cs'leT," c-ponentB have 

y the same molecular weight if the resulting 
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5 blend exponents have . dlrf„!«"'' « 

if the over.ll M /M cf »>, "olecuUr veioht 

".^„ Of the Mend is 9re,te""a„ ■ 
tvo or .ore Wend co^ponehts have a di^ 
" content ir the overall CDB. of ^e =on,ono»er 
relatively less than that of eLh "="'""9 "'"-i » 
i-'- the overall CDB, of L " e ^ "-Ponent. 
conversely, two or „ore Men. " 
substantially the sa^e molar """"'"ents have 

" «s.ltin, c. Of the Mend tereoTTsr^irr" " ^' 
respect to each blend component, i . T ' """" "'"^ 
hes a CDBI Of S0% or greater it', "^^IW-^ blend 

">« the CD and mwd of a blend / ? """"^ appreciated 
proportions of each blend coroon /""' °" "^""e 
- " - specifically contelpl,r ZtTler"' 

b=ve the "same" molecular weiahr . ""Ponents may 

blend, but not for the ZZ one 
"-rein the componentr„orrs„r: T^" ""^^ 

less than or greater th^ 3 o " r."'"' " 
25 proportion of each hl.„.. depending on the 

components may have a "dlC:::!"- blend 
purposes of one blend, but not for """"""^ 

e.g. Wherein the col °' "other 

«nal blend having CDM leTr" ^» 
30 depending on the p'roporLn of bTenT"" 

The molecular weloh, component. 
• blmodal blend of Z TlT"'"°" ^"^-^^"ion of 
graphically in Fi, ^"^^ "l"""" Is illustrated 

diagram that the comonomer center of''"^"'" "^'^ 
5 components is different whii?,. " "^""^ 

each blend component U Zll Z Z'"''" of 
corresponds to line b of f1, i , '"^^ "^""'^ 

contrast, a simiur 
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graph for typical conventional lldpe 
and line A of Pig. ^nd showsTa, 1 T 
weight fractions contain .ore of^e T 
higher molecular weight fractions TheT"" 
S weight molecules which contain relatively hT/h "^'^^"'^^ 
concentrations as in this acively high comonomer 

"-.Si...!. e«e«s ".r'.; r r,::/"-^^ 

block .„d fckiness, cling dev. ll T "sh 

properties are enhanced by providing M """""^"^ 

illustrated in curve B c \ 7 7 ' 

/ ^/ j^, and F, 

As an example of the embodiment of r~ 
been found that a 50-50 blend of '^^^l.^^Jthas 
- e^l^al^-butene content d I „' ""^"^ ° 

^BI = -S7^.. ,.0 densi^/„%o;rVy"" ' 

HOPE having a o.o moley i k . ''^^ ' "i"" a 

0.9552 g/a„3, Elmendorf tet str t'^"""'" 

^0 synergistically enhanced in congest to L °' 

Of lU and 48 g/mii for the resnecf T """^ths 
Mend components. FurtheT . '"^ """^ 

components has a further I 

25 unexpected because . Ji'!, * surprising and 

second ::r;:%i ttar^r "°" 

"end increases the tear . -.""J" 

rather than decreasing thVtea^ st^^K""'""' 
expected. stw.■^:Tth „o„jj 

'0 another embodiment exemplified in F-i„ = 

= "9. 1. a multimodal MWD l/IV 
linear polyethylene compone^ havfn'""' 
weight and composition /istrTbut!::ran:T 
comonomer content but dif<- ""^ »bout the same 



t t 
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stability, high shear sensitivity redu^^H w 

on the other han.. the optical ;;op~ 

surface and individual bl*.nH ^^''^"^ mechanical, 

5 mcludin,. for ex«,ple tear .Jl^^ „ 

UKe. Moreover, such mLs havl ll:; 1 "t" 
soluble molecules than prior art copolZrs 1^. " ' 

.0 ::r::::rjrrrr°"- -^^^^^^ 
^^^..erjt oo.r::::-r;:; :rr-^ 

The higher molecular weiohi- ^^^^4.- 
- relatively less co.ono.er as^rcorn ^0^1^^^^^^^^^^^ 
cause an anisotropic morphology during falri^atLn ' 
processing known as "row nucleated" or "shTsh v k v 
morphology This an^o«^ shish-ka-bob" 
y wgy. This anisotropic morpholoov is h^i 

--er.rp=/:ti::zt:er- 

concentratiors of k- u J-ower 

i-ions ot such higher molecular weiaht m«i 
with a relative.! „ t v^eignt molecules 

relatively low ccmonomer content and by 
incorporating the comonomer in the blenrf 
25 indicated in blend B. C, 0, E and P 

line "orr\^"";r:?\-.— S and 

narrow molefTur :eitht and c"' '^^^"^ 
differing average mofeirr we^ 
30 contents. However . ! average comcnomer 

Ulustrate. L'l ; "o 1:7^""'' ^"'^^ « 

- this e.o«„ent ha. a Jater Tolr;/ ool'ter ^te 
higher molecular weioht fra^i-,- content m the 

. in the lover ^oClar "e ^act "^""^""^"^^ 

3S co.pone„ts. .ese ^is.r^S:j':^ ZJlJ^'t 
example by blendir,, narrow ^. CD linear 

polyethylene resins which. taKen serially i„ orTer of 
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increasing molecular weight, have an increasino 
content. it is also contemplated ^^^^1^11^, comono^er 
i--de two or .ore Mend Iponent^",,:^:/^^^'^ 
molecular weight as illustrated by Une 7"' 
5 wh.ch case such components would be ncluded i .1 
ordering secondarily in order of the\r Tc ' • 
comonomer content. Also th. . ^"^««ing average 

Mend components having tke^L c^^^^^^^^^^ °' "° °^ 
contemplated as being' wiUrth?;rL~ " 
0 embodiment, as illustrated.by line E i^t 

that there is included either at i ^^^^^^^^J 
-ving a >.gher comonomer content ^e ^ 
at least one blond component having a t?'^' 
content and lower molecular weight than 

components having the same I ^''^ ^1«"<3 

j-"y txie same comonomer cont-«.T,*- 
embodiment, the blenrf ^ * content. m this 

- lower co„o„™er content tt^ .T "-"i 
the blend. " component present in 

Such a blend has properties uhi-v 
c^ifferent from prior art bTen.s and c ^^^^^^"^^^ 
resins in which th. . conventional lldpe 

n Which the comonomer content generallv ^ 
m proportion to increa«;in« -, generally decreases 

•^"creasing molecular weiahi- 

fractions. The isotr^r,,, ^ weight components or 

-ch blends are ^ove, °' 
=his.-.a-.„. or r :!n : ittTd rrlf 

a low concentration oTlllZZ::^.^:::^''' 
molecular weight molecules ir. ^ P"^'"' " the higher 

"oreover, such blends ^av ^esirlTr^' 

^or example, reduced blocking Cced te^'"- 

friction, and lower extract^les in 

conventional LLDPE resins comparison to 

-en::nrbV;rrerbTr:::~ - - 

the metaliocene tvn« v catalyst systems of 

--ocene con^c^ ^TralltaV 
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cocatalyst or reaction product th.r , 
preparing the poz^er co'po : 3" a" "^'-^^^ 
tl-e Invention. The „.L,, ^" blends of 

represented the l^T^:^ ' "^^ 

5 » » substituted or unsuhstituTed l > P "=0 

is ' Group :vB, or VB tr«sit" ''"''^"'^"'i-W rin,.. ^„ 
independently selected are 
bydrocar.o.yl ^rouprirr^^ " 
" = 0-^. P = 0-3. and the sul 0/ " = 

0 oxidation state of „ * =™ - * n . p .g^^^^ 

or the .etaaocenr^t^e"™ " ^' 
Poly-neti.ation to prepare the , """^ 
present invention including t^ose 0"^°^"!"°"'"= 
heterogeneous, supported catalyst . """""""^ °' 
' catalyst and alu^oxane cocatalyst areT 

or reacted together onto an '°9ether supported 

polymerization by aas-nh.. °" ^Wort for 

solution PolymeriLtion": =^-rry, or 

The cyclopentadienyls of a. 
unsubstituted or substituted with ! ^ 

radicals. The hydrocarbyl radi^ , °' "^^""-'Xl 

'^'^^^n. «yl. alXylaryir'a" : = --/-^-Oe aUyl, 
containing fro„ about 1-20 carbon V 

"o- Of cyclopentadienyl a"1oi T " ""^^ ^ "-'>°" 
c.-c« ring. Exemplary hy/r„c. H ? *° ^ 

-thyl. ethyl, prrpy,.' ^ "^'"'^ '"^'"''^ 

rsobutyl, heptyl, octyl 'L^T 
-ethylhexyl, pheny, and the ite T'' 
substituents include chlorine ^ . ^"^Pl^ry halogen 
ioaine. Of these halogen atons m"'' 
E«-Plary hydrocarbcxy radrcTls' " Preferred. 

Propoxy, butoxy, a„yi„,^ ^'^^ ~y, ethoxy, 

non-a„iti„g examples of the met,,, '""strative, but 
in preparing the polymers of Te ""-^.S^;!^" 
bis(cyclopentadienyl,titaniu. di.~' 
bas,cyclopentadienyl,t7tSiu.diphenn 
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bis(cyclopentadienyl) 2irconiu ia dimethyl 

bis(cyclopentadienyl)2irconiuin diphenyl ' 

b is ( cyclopentadienyl )haf nium d imethyl a^d diphenyl 

bas(cyclopentadienyl)titanium di-neopentyl 

bis (cyclopentadienyl )zirconium di-neopentyi 

bis(cyclopentadienyl)titanium dibenzyl, 

bis(cyclopentadienyl)2irconium dibenzyi 

bxs (cyclopentadienyl, vanadium dimethyl;' the mono alKyl 

ZToTrZ r'/' ^^^^-^^^«P-tadienyl,titanium me^yl 
chloride, bis(cyclopentadienyl)titanium ethyl chloride 
bis (cyclopentadienyl )titanium phenyl chloride 
bis(cyclopentadienyl)2irconium methyl chloride 
bis(cyclopentadienyl)2irconium ethyl chloride ' 
bis(cyclopentadienyl)2irconium phenyl chloride 

bis{cyclopentadienyl)titanium methyl bromide ' 

bis(cyclopentadienyl)titanium methyl iodide ' 

bis(cyclopentadienyl)titanium ethyl bromide' 

bis (cyclopentadienyl, titanium ethyl iodide ' 

bis (cyclopentadienyl) titanium phenyl bromide 

bis (cyclopentadienyl, titanium phenyl iodide ' 

bis (cyclopentadienyl, zirconium methyl bromide 

bis (cyclopentadienyl, zirconium methyl iodide ' 

bis (cyclopentadienyDzirconium ethyl bromide' 

bis (cyclopentadienyl, zirconium ethyl iodide ' 

bis (cyclopentadienyl, zirconium phenyl bromide. 

bis(cyclopentadienyl,zirconium Phenyl iodide; the trialkvl 

.etallocenes such as cyclopentadienyltitanium trime^ 

: r ^r^' -lopentadt' ;i 

IrZZTl -y-^opentadienylzirconium 
trimethyl, cyclopentadienylhafnium triphenyl 

cyclopentadienylhafniun trineopentyl , and 
cycl opentadi enylha f nium trimethyl . 

Other metallocenes which may be usefully employed to 
prepare the polymer components o. the invention inlde 
the monocyclopentadienyls titanocenes such as 
pentamethylcyclopentadienyl titanium trichloride, ' 
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pent«thylcy=lope„ta<,i„n tit,„i„„ trichloride; 
b>s,p„ta».thncyclcp.„t.di.nyl, titanium, ^i^^r^y, 
carben-, represented by the formula ' 

''»«=y=iopentadlenyl,tltahi«=CH, and derivatives of ,h- 
:> reagent such as hi.i > ^i-ivaiives of this 

(Cp:Ti™ 1 ^ ''"'"=^'='°P*«»««yl)Ti=CB,.„,cH,. 

substituted ''is<cyolopentadienyl)titanium <iv> 

such as: "^(indenyl , titanium d^reny or hT"''."'"''' 

bis<„ethylcyclopentadienyl,tita„ird7p " or.;", ' 
' aialKyl. trial.yl. tetra-al.yl and p^t -al"""' 
cyclopentadienyl titanium compounds such Jl 

Msa...dimethylcyclopentadlenyl,titaniu. dTpheny\ o 
dichloride, bis a 2.rfi»i.K,.-. , aipnenyl or 

aiphenyl or .icM^i^e r~d"'''""^"" 
siUcon. phosphine. amine ^r e/rbon .T'""'' 
cyclopentadiene complexes. such .s ,"T' 
silyldicyclopentadienyl titanium diphenyl or d^M 
-thy, Phosphine aicyclopentadienyl titll din ' 
dichloride, ".ethylenedicyclopentadienvw^r " 
or dichloride and other .ihafide r;LVr r 

--nium dimethyl. MsC'en^^^trlT ' 
dichloride, bis.cyclopentadienyl, .irconil ~ 
methylchloride, pentamethylcyclo»e„t»rtV. • 

t\t it:::- 

Ms,ethylcyclopent^.diet';::;r„irrer^^^^^^ « 
bis(p-phenylpropyIcyclopentadienyl)zirconium h- 

haloalkyl and dihalide complexes of th. k 

r "Vs -::rf' --^^^^^^^^ 

as ^"(Pentamethylcyclopentadienyl, Zirconium 
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di-methyl, bis{l,2-diinethylcyclopentadienyl )zirconium 
dimethyl and dihalide complexes of the above; silicon, 
phosphorus, and carbon bridged cyclopentadiene complexes 
such as dimethylsilyldicyclopentadienyl zirconium dimethyl 
or dihalide, and methylene dicyclopentadienyl zirconium 
dimethyl or dihalide, and methylene dicyclopentadienyl 
ethylene bridged bis ( tetrahydroindenyl ) zirconium dimethyl 
or dihalide, carbenes represented by the formula 
Cp^2r=CHP(C eH5)^CH3. and derivatives of these compounds 
such as Cp2 2rCH2CH(CH3 )CH2 . 

Bis(cyclcpentadienyl)hafniujn dichloride, 
bis (cyclopentadienyl) vanadium dichloride and' the like are 
illustrative of other metallocenes . 

The alumoxanes are polymeric aluminum compounds which 
can be represented by the general formulae (R-Al-0) which 
is a cyclic compound and R(R-Al-0-)^AlR2 , which i"s a 
linear compound. In the general formula R is a Cj-Cs 
alkyl group such as, for example, methyl, ethyl, propyl, 
butyl and pentyl and n is an integer from 2 to about 20. 
Generally, in the preparation of alumoxanes from, for ' 
example, aluminum trimethyl and water, a mixture of the 
linear and cyclic compounds is obtained. 

The alumoxane can be prepared in various ways. 
Preferably, they are prepared by contacting water with a 
solution of aluminum trialkyl, such as, for example, 
aluminum trimethyl, in a suitable organic solvent such as 
benzene or an aliphatic hydrocarbon. For example, the 
aluminum alkyl is treated with water in the form of a 
moist solvent. in an alternative method, the aluminum 
alkyl such as aluminum trimethyl can be desirably 
contacted with a hydrated salt such as hydrated copper 
sulfate. 

Preferably, the alumoxane is prepared in the presence 
cf a hydrated ferrous sulfate as described in U.S. Patent 
4.665,208. The method comprises treating a dilute 
soitition of aluminum trimethyl in, for example, toluene, 
with ferrous sulfate represented by the general formula 
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FeS0,.7H,0. The ratio of ferrous sulfate to alumin 
tri^et^yl is .esira^ly a.out 1 „ole of ferrous sulTate^.^r 

e 1 :T ^'""''^^ reaction L 

evidenced by the evolution of methane 

5 The ratio of aluminun. in the alumoxane to total metal 

.n the metallocenes can be in the range of about 0 5 1 to 
about 10,000:1, and preferably about 5-1 i-« ° - '^'^ 

-^-^ auout 5:1 to about 1000:1 
various .norsanic oxld. supports „,y be used for 
10 =y"e,ns to prepare interpol^.s aL 

10 M.„d exponents of the present i„ve„ti7n. Z 
polyme rizati on is generally carried out in th, » 
range ^out O^c, or even MgHer Tut ^is 
not .et^usive for preparing the " te^ol';;; 

15 oln T k """""'"^ °^ "on. Which Z r 

prepared by any techni^e resulting in the structure set 

^yo'P'-eric. sub-at»osoh..<.- „ super-atloH/ 
pressu re ^nditions have been „s.. 

usi;^rSr„etanocene catalyst described L.T \\ t 
generally preferred to use catalyst compositions at a 

SoTr"""/" " " ' PP. o lout 

SOOO ppm. „<,st preferably 10 pp„ to 300 pp„, by weiaht „<■ 

transition metal based on the weioht of 

r^^^,«. weight of monomers in lih*» 

polymerxzatxon of the ethylene polymers. 

A slurry polymerization process generally uses 

25 super-atmospheric pressures .nd temperatures in the . 

Of 40.110OC. in a Slurry polymerization ! 

crti,-^ ^- i^JJ-ynierization, a suspension of 

solid, particulate polymer is fnr^o^ • 

polymerization medium to wMch eU^^l^^e Z 

Often hydrogen along with cataly^ are red r^r 

oTLi: "° can be a'ane Tr 

ziizz : :;i::rn:er;~ - 

. xylene. The medium employed should be 

rel^^vel Polymerization and 

35 IIplo"::!' ^--^ - -^-ne is 

in a modification, the polymer components of the 
present invention may be fora^H k oi the 

»>«»y oe formed by gas-phase 
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polymerization. a gas-phase process utilizes 
super-atmospheric pressure and temperatures in the range 
of about 50O-120OC. Gas-phase polymerization can be 
performed in a stirred or fluidized bed of catalyst and 
product particles in a pressure vessel adapted to permit 
the separation of product particles from unreacted gases 
Thermostated ethylene, comonomer. hydrogen and an inert 
diluent gas such as nitrogen can be introduced or 
recirculated so as to maintain the particles at a 
temperature of 50«>.120»C. Triethylaluminum may be added 
as needed as a scavenger of water, oxygen, and other 
adventitious impurities. Polymer product can be withdrawn 
continuously or semi-continuously at a rate such as to 
maintain a constant product inventory in the reactor 
After polymerization and deactivation of the catalyst the 
product polymer can be recovered by any suitable means 
In commercial practice, the polymer product can be 
recovered directly from the gas phase reactor, freed of 
residual monomer with a nitrogen purge, and used without 
further deactivation or catalyst removal The polymer 
obtained can be extruded into water and cut into pellets 
or other suitable comminuted shapes. Pigments, 
antioxidants and other additives may be added to the 
polymer, as is known in the art. 

The blends of the present invention are prepared by 
blending the desired components in the desired proportions 
using convention-:.l blending, techniques and apparatus 
such as. for example, screw-type extruders, Banbury' 
mixers, and the like. Alternatively, the blends may be 
m ade by direct polymerizatio n, without isolation of the 
blend components, usjng^ for example, two «r- „,ore 
catalysts in one reactor. k» , ^ 

and two or more reactors in series or parallel. The blend 
may also be compounded with various conventional additives 
known in the art such as, for example, antioxidants, uv 
stabilizers, pigments, fillers, slip additives, block 
additives, and the like. The blend preferably does not 
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The invention is illustrated by wav r>f ^-k , 
5 examples: ^ ^ °^ ^« following 

Example 3 

An ethylene homopolyner resin . 

sae phase reactor employing a silic, P»P«e<i in . 

-tal catalyst descrL/lelol '"'"'^ transition 

.yarogen/eth/lene Tie lUr , 1^17 LT"'- ' 
".e Of 2 hours, a second polyn,er an ' «"dence 

copolymer identified as .013 h^ ! «">ylene/butene-l 
in Tal,le 1 was prepare in «e « "!h """" 
sa^e supported catalyst a^ d^c e tL:"":: 7'\^' 

~yi:: ^str: ir- — ^-^^^ 
o.oooei, a Jen:!":;h;ier:o^rr::ro;ri:3""r^' 

residence ti™e of 2 hours. o °f 0.123, and a 

Ohtain": a? ^uotr""" "^""^^^ ""^ "-lyst «3 

dehyd^ILlra no^lVd""" 

a in a flow of dry nitrogen at eoo°c for e v 

was Slurried with 500 cc of toluene at Jc under n'. 

m a 2500 cc rouhd-bottom flask usina . nitrogen 

250 cc Of .ethyl alloxan. „ to u ne iT^r/"""' 

aluminu-, was added dropwise over A ""'^/liter in 

stirring to the silica si "y st rr"""" 

30 .inutes While .aintaining^-the^tVratre Tt" 2^ 

::/ir~tr::L-t7t^ - 

^ 1 ^ -^^i constant stirring 250 0 cc r»r 

toluene solution containing 2.00 gLs of 
bxs,n-butylcyclopentadienyl,zirconiu„ JcMoride ■ 
s ur half hour While" 

»aintaini„, the temperature at CS'C and ther.after Le 
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15 



toluene was dec«t.d and the solids recovered and dried in 
vacuo for 4 hours. Analysis of the catalyst indicated 
tJ>at it contained 4.5 vtX alu^lnua, and 0.63 .irconiu.. 

360.r InMT' intensively .i„d at 

,n„„ in • Banbury ..elt blender along 

with 1000 pp. each of the stabilisers Ir,a„ox 1076 and 
irgafos 16B. The molten blend fro. the Banbury was 
transferred to a roll mill. „ade into a thin sheet ana 
then cooled to room temperature. The cold sheet was then 
chopped into approximately i/a inch chips 
Characteristics of this blend, identified as Blend Bl. are 
given m Table 1. " 

compression molded sheets, five thousandth of an inch 

160 c a press, compressing to 20 tons pressure for 5 
mnutes and then cooling the blend under pressure to room 
temperature at a rate of 15-c per minute. Properties oT 
the molded sheet specimen are shown in Table 2. 

Example 2 

test.H -^^P^-^ion molded sheet was prepared and 

tested as an Example 1, fro. the resins described in 

Blel^d L'' "'"'^ identified as 

Blend B2, consisted of one part -006 and three parts '013 
Characteristics of Blend B2 are given in Ta^ie 1 
properties of Blend B2 are given in Table 2. 

TABLE 1 
POLYMER CHARACTERIZATION 

'on 2« 0.9552 5 0 ,„or 



20 



25 



*• By C-13 NMR 
35 b 



441 



Weight average molecular weight (Mw) and r«h,« * 
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c. Density by gradient column method ASTM nis«.i / a 

d. Helt index by ASTM D,738 Condition Ef^g^l ' 

e. CDBI, composition distribution br».»<itK ■ T . 

per-.ent of polymer -olecuJes ha^x"! ^ c^L"' " '"''"'^ " ^^'^^^ 

-edi.n tot.1 -ol.r con,ono»er conJeft CDB? ^r^npr""' ^OX If the 

lOOX. Detennined using temperature risf^' , " 

using tetra-chloroethyLe JoWent ovi ^oi"*^"" fractionation 

.s described in U.S. Jate^t";;^? .U^n Ser al'J .^'"P"""" '"ge 

See also Wild, et al. Vo'l^'lo!?:^ ^^^^gl?.- 

.0 

TABLE 2 

TEAR AND TENSILE STRENGTH OF MOLDED SHEET • 

^.u.. sX.' .-7^1^^ s,^^^^ 

.QQ^ ■ - Secant TapReot 

5 'on n! %^Jo° aJa'S J!^ ^^^x ,27.000 ,55.000 

Blend Bl 210 1900 IIjq I. "^'"OO .I: 

Blend B2 227 ,330 303S 11 Itl'. '^.000 

^530 37,700 42.000 

J!" ""ngth. in g/nil, measured using ASTM 152? ► 

by pendulum method ^ " IS22 , tear resistance 

f. Tensile strength, elongation, and modulus measur.H ■ 

moQUius measured using ASTM D638 

Example 3 

water jacket for "^<=tor was equipped with a 

:'r if 

reactor vessel at 2^or k,. 
-an ^^^^^^^^^ ^^^^^^^ at 25 c by 

^ the reactor were continuously stirred at i200rT,m 
henceforth. 10. 0 cc of the 10 wi.y 1 ! 
mo^-K,.-! , ° ''^^ solution of 

»ethylalun«o.ane was added by syringe, and the reactor 
temperature was equilibrated at the reaction t! 
of 60»c reaction temperature 

60 c. Hydrogen was not used in this example 
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It IS .dded at this tl„e i„ the examples which do use it 
Hydrogen was metered into the reactor from a vessel of 
Know„ vclu»e e^^ipped with a hi,hly precise pressure 
9.U9e. The ideal ,as la. was used to calculate the 
5 »UU„oles Of hydrogen introduced into the reactor 
1.00 cc of a soluUon of o.oi wt% 
bas(n-butylcyclopentadi.„yl, zirconium dichloride in 
d.st.lled toluene was then injected hy syringe, followed 
by pressurrzation imnedi.tely with 90.9 psi of purified 
10 ethylene. Ethylene was f.H F * or purified 

">yiene was fed continuously on demand to the 
stirrin, reactor while maintaining the reaction 
temperature at 60-c and the reaction pressure at 90 psi 
After 10 minutes of polymerization the reaction was 
stopped by rapidly cooling and venting the pressure and 
L5 exposing the contents to air. The polymer was obtained L 
evaporating the li^id components and drying in a vacuj^ 
oven for 1 hour. The Poly,ethylene-co-hexene-l, polZ™ 
Obtained, which is identified as C03. was obtained'in^: , 

0 other polymerizations runs were nerfor^^^ 

were periormed usino th#» 
procedure above with the exception that the volu^L 
temperatures, and other polymerization conditions we^e 
modified as shown in Table 3. Characterization data r 
the blend components are given in Table 4 

5 Blend. SA. 9D. 20C, 21F and 22E were each prepared 

using e,ua. ^entities of three blend components, ' ^he 

Of b "''^ corresponds to the t^e 

Of blend Illustrated in Figure 1., Blend components f" 
each Of the blends are given in Table and they ^ere 

TZ:' T 'T"'"' - n, 

ca. 14 9. Of each blend component. 2000 cc of xylene was 
purged with nitrogen for one hour, the three blend 
components were added, and the mixture was stirred and 
heated to 144-0 to dissolve the polymers. The Totym" 

: a:::dTo rciXat?;""; ^""^ - - 

r I P"=1P^*"= the polymer. The mixture was 
then cooled to 22-c, and the precipitated pol^^r was 
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filtered and dried in a vacuun oven Averaa. 
composition distribution breadth index "1! 7^°"^^"' 
.ata and densit. o. tbe Mends areTs.:^ "^I/r^^^ 

Compression molded RhA^^t-.. 

polymers in a press. =o»pr.ssi„, to 20 "Is 

«lnut« .„d then coou„, the blena '1? """"" ' 

temperature. Properties of th , to room 

in xa^xe S L M^s^r ^'tc 1'" "r""" 
" fraction or polymer extr,.- v '""^ ^^^^ Tl>= 

.iven ror the bCs ' " " -1" 

Table 5 shows that the i-f^^r- 

composition-»oIecular weight d'sf-K'^"'"' 
superior to that of hie„a 

conventionai.type comprtlon^lerrr "leiW 

^^rr^ieis-of— — ^:„rf- ^» ■ 
:r.r^=--is^-pef-r--^ 

properties such as tensile stren',; at y" TJ^/^"' 
convent.onal-type blend «A are oenerallv 

=;:.-r:sir.r'P- ==~ 

This example illustrates the beneri»= „k» • 
certain novel composition-molecular weloht .TTT 
differing from the conventional ty;e Ts 'H'T"""^ 
^OC have similar average «clecula^ weighs and' " 
"eight distributions , eights and molecular 

fabrication performance of ^bl'd 'T "'^^ 
to that Of the conventional-?;;," „d a/ " 
desirable mechanical and soirility Propert °"' 
't> and 20C are not obtained at t^I « "lends 

performance. Additionally" bt„t VJT'''''" 
-er weight average molecular „ight tht Mend"::,":: 
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they Should therefore be more easily fabricated into 
in su«n.ary, in the blends of this example (Type C n 

we:: t^";r t"^ ^^^-^^ """^^"^ J ;i:; 

weight distribution can be manipulated independently of 
the co.pos.txon distribution. superior solid staL 
performance can therefore be achieved without sacrificing 
melt fabrication performance. ^"cing 

TABLE 3 
POLYMERIZATION COKDTTTnMQ 

Polyaeri- q~ 

zation Reaction Press. T,m„ u . .. Catalyst 

Run No. Temp. °C 




03 


60 


90 


09 


80 


60 


15 


80 


60 


19 


80 


60 


27 


90 


60 


30 


75 


75 


38 


60 


130 


A2 


60 


60 


A8 


70 


170 


64 


68 


302 



Time 
(min. ) 


HexaDc 

(cc) 


1-Hexcne 
(cc) 


10 


800 


100 


10 


800 


75 


15 


800 




60 


800 


75 


45 


800 


150 


42 


800 


87.5 


20 


800 


150 


30 


800 




9 


300 


600 


60 




800 




H2 
a mole 



10 
5 



u 
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Designation 

C27 
C30 

CU2 , . 

Blend 8A^^^ 

C15 
C30 

Blend 9D^^ 

C19 
C30 

C38 , . 

Blend 20C 

CIS 
C09 
C03 

Blend 21F^'^ 




6.1 
2.0 
0.0 
2.7 

0.0 
2.0 
A. 2 
2.1 

2.3 
2.0 
2.2 
2.3 



0, 
3. 
3. 



CIS 
C09 
CAS 

Blend 22E 



(g) 



0.0 
3.0 
7.2 





Mw/Mn 


12,500 


1 Q 


A8,800 


1 0 


259,000 


2 n 


113,000 


9.0 


13,400 


3 7 


A8,000 




223,000 




95,600 


9.8 


13,600 


1.9 


A8,800 


1.9 


240,000 


2.2 


94,800 


8.8 


13,400 


2.7 


52,000 


2.4 


121,000 


2.2 


62,000 


6.4 


13,400 


2.7 


52,000 


2.4 


50,000 


1.9 


37,800 


4.2 



Density^ 



(b) 



CDBI 



(b) 



0.933 



0.940 



0.932 



0.9A6 



77X 
81 
100 
2A 

100 
81 



(a) 



(b) 
(c) 
(d) 
(e) 
(f) 
(8) 
(h) 



A2 

70 
81 

6A 

100 
79 
67 
A6 

100 
79 
75 
37 



-1 



0.9A0 

IR band using spectral 



Calculated from absorbance of 1378 cm 

Llid\"r;ra.':.T37rL-^^.r"'^^ adjaVenV^R* IZIV. 
usins cafibration^'Ittrined by"cn"^' ^'^""'^ 
poly(ethylene-co-hexenes). analysis of 

Same as in Table 1 

BL"d li c^n^-:::,' :i z:i "° "2 

Blend 20C consisted of T' l C6A 
Blend 21F consisted If ITul] ''""^'"^ °' ^19. C30 and C38 
Blend 22E cons^sJe^ of eouai J""'""' ^15. C09 and C03 
Blend components in this tab?. r °' "'^ "8 

followed by the corresnonSini T ^^""^"^ by the letter C 
Table 3. For exalYr bT.nH* Polymerization run nun,ber from 
polymerization rT^7 component C27 was obtained from 
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TABLE 5 
PROPERTIES OF MOLDED SHFFT 



Blend 8A 68 



1770 



Blend 9D 241 {LLo 22 

Blend 20C «6 {ill 

Blend 21F 205 2050 t'^ 

Blend 22E 107 jOsJ J'? 

o . 7 



(a) 
(b) 



Tear strength measured by ASTM 1922 > • . 

pendulua method. ' resistance by 

Tensile strength at yield measured usine ASTM Dfi'^ft 
(c) Extractables were deten»ined as folW ak « 

polymer molded sheet ca 5 «il »h u « 

in a weighed cenuVose"ext'ra"cUo '^thiU^ "Vh^'ll^b'l^'*^:'' 

JniThe s:xle^^v^^^^^;- , 

hexane at 69^C f:"l6 Jo^s tSJmMr:'/*'"^ ''"^^"^ 

were removed, dried in a vacuj oven ."d Cef.J^S'.^'J ^^''^^ 
the amount of extracted, i.e.. solubTe polJL/''' '° <'"er»ine 



The foregoing description of the invention is 
illustrative and explanatory thereof. Various changes in 
the .ater.als, apparatus, and particular steps employed 
wx occur to those skilled in the art. it is intended 
that all such variations within the scope and spirit of 
the appended claims be embraced thereby. 



V/0 90/03414 

PCT/US89/04259 

-27- 



CLAIMS; 



1 

2 

3 

4 

5 

6 

7 

e 

9 
10 

11 



3 
4 



1- A polymer blend, comprising: 

distribution euc. that «T ""^ ""^""^^ 
distribution .r«.th in^^.^PA LTs:^"""'"'"' 

co.ponentst::r, rt^^.Ti^r"""""'^ 

«d . lower .v.r.,e col^r Ur/Vr^r 

other sai. poi.et..lene Men. ccjnen. " " 

wherein the blend has either M /M s , 
composition distribution breadth inde, beltT-SO^ or^bo'th. 



1 2 
2 



1 3. 
2 



3. The blend of claim i .v 
components have an o-oleHn cl» 
o£ 0 to 30 mole percent and a t" " 
ran,, o. 100 to Z Lie percent "'^ 

^ 4. The blend of claim -i 

2 components are selected from L "^^^ 

ctea from the group consisting of- 

P°ly(ethylene-co-a-orefin) el.«^« ^ 

4 density linear polyethylenes- and V """"^ 

5 Polyethylenes. and linear, low density 

5. The blend of claim i ..u - 
components have essentially ^. " "'^ ""'^ 

different comonoaer content, " 

6- The blend of claim t 
components have essentialli ^e 
different molecular we^^^ts ' 
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1 7. The blend of claim 1. wherein the molecular 



1 8 
2 



3 
4 
5 
6 
7 
8 



10 

11 

12 

13 

14 

15 

16 



8. The blend of claim 1, wherein the value of M /M 
for each blend component is less than or equal to 2 5 



The blend of claim 1. wherein the compositior 
d.str.but.on breadth index for each blend component 
3 greater than about 70%. ponent is 



1 9. 



2 



1 10. A polymer blend, comprising: 

2 a pluraU.y of linear ethylene polymer or 



anterpoly^er M.„. exponents, each n.vi„; ."TaUw 
molecular ve.ght distribution such that M /M s 3 " , 
composition distribution breadth index or'C" least SOX; 

wherein said blend components are selected fro„ 

, ha";:/ '""'^ <^> "'--^ co^lllllT 

hav.„, essentxally the same average molecular weight but 
different average comonomer contents- (2) bl.„H 
having essentials ' ^''""Ponents 

ng essentially the same average comonomer content but 
different average molecular weights; and ,3, bie^d 
components having different average molecular weights and 
comonomer contents wherein said cbmponents, taken s^riallv 
- order of increasing average molecular weight Zl ll' 
increasing comonomer content. 

1 11. The blend of claim 10, wherein the blend has . 

2 density of 0.85 to 0.94 g/cm> . -. 

1 12. The blend of claim 10, wherein said blend has an 

2 average molar .-olefin comonomer content of 1-30 percent 

^ 13. The blend of claim 10, wherein said blend 

components include poly(ethylene-co-.-olefin, elastomers. 
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14. The blend of claim 12, wherein = 
components include verv low h said blend 

very low density, linear polyethylenes , 



1 15 
2 



1 
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15. The blend of claim t> 

components include linear low h '^'^"'^ 

linear, low density polyethylenes. 

16- The blend of claim 10, wherein i-k 
said blend components is from 2 to 5 °' 



1 17. 
2 



than another Mend cVJZl 

le- The Mend of claim lo, wherein v. 
Plural modality with respect to , 
co.ono„er content or both -^^^ular weight. 

19. The blend of claim 
.'ave fro„ 3 to about 1. "a:! a;or"" 



1 20. 
2 



20. The blend of claim lo. wherein m ^ 
each blend component, and the '/^"'^ "w^n 1 2.5 for 
breadth index for each co "^'"^^^^^"n distribution 
to 70%. - in range from 50 

21. The blend of claim 20, wherein M 

each blend component. v^berem < 2.0 for 



1 22. 
2 



3 



exponent h« TlZ'''"'" Mend 
^he range ^rl SO rVo""" -«-th index i„ 
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2 str^n'^K "'"^ exhibiting enhanced tear 

2 strength properties over that of • ^. . 

c.on,oonent. °^ ^dividual blend 



components comprising; 

a plurality of linear ethylene ini- , 

blend components, each having a narrowT / f ^ "^"^ 
distribution such that « /m , 3 " , " 
distribution breadth indexC%: least SO^^T""^'^ 

Pri^arily TZJ^ 'Z::^^ ^^^^^^ 
^ . -increasing molecular weioht ar,^ 

secondarily in order of increasing » 

content ' ^"^^^asing average comonomer 

content, each succeeding component has substantially 
same or a higher average comonomer content " 
preceding component in said series ^"^^ 



1 24 
2 



24. A polymer blend of linear *.i-h^,i- 

3 a„d a composition distribution b^adt. index TealC-th' ' 

4 or equal to 50%. -^"uex greater than 



^ 25. A 

2 



3 
4 
5 



fractiis Lvii:": nirr::, 

ci narrow molecular wei^rVti- r*^^*. 
such that M /M < 3 fo. K . weight distribution 

ta.en =e.iaaC^n\\r o/Tnc ra^ra 

"ei,.t an W...., .^.C^lr .^.C^"" 



^ 26. A 

2 



3 
4 



increasin, con.ono„er content have an increasinr ! 
molecular weight. increasing average 
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